Cytokinins: new apoptotic inducers in plants.
High concentrations of cytokinins block cell proliferation and induce programmed cell death (PCD) in both carrot ( Daucus carota L.) and Arabidopsis thaliana (L.) Heynh. cell cultures [13 and 27 micro M N(6)-benzylaminopurine (BAP), respectively]. In the present work, cell death was scored by Evan's blue staining and was also demonstrated to be programmed by various parameters, including chromatin condensation, oligonucleosomal DNA degradation (laddering), and release of cytochrome c from mitochondria. In carrot cells, this induction takes approximately 24 h, with proliferating cells being more sensitive than quiescent ones. Two hormones, namely abscisic acid and 2,4-dichlorophenoxyacetic acid (2,4-D), protect cells against the cytokinin-induced death. PCD is not merely a consequence of the inability of the culture to proliferate, since high levels of 2,4-D block carrot cell proliferation without promoting PCD. Increased ethylene production was also observed in BAP-treated cultures, although this increase was not responsible for PCD because inhibitors of ethylene synthesis and action did not block PCD in BAP-treated cultures. Programmed cell death in the form of DNA laddering was also seen in plants treated with cytokinins. This process was accompanied by accelerated senescence in the form of leaf yellowing.